We express the equivalent resistance between the origin (0, 0, 0) and any other lattice site (n1, n2, n3) in an innite body centered cubic network consisting of identical resistors each of resistance R rationally in terms of known values b0 and π. The equivalent resistance is then calculated. For large separations two asymptotic formulae for the resistance are presented and some numerical results with analysis are given.
Introduction
The lattice Green function (LGF) is a basic physical term. Many quantities of interest in solid-state physics can be expressed in terms of it. For example, statistical model of ferromagnetism such as Ising model [1] , Heisenberg model [2] , spherical model [3] , lattice dynamics [4] , random walk theory [5, 6] , and band structure [7, 8] . In Economou's book [9] one can nd an excellent introduction to the LGF, where a review of the LGF of the so-called tight-binding Hamiltonian (TBH) used for describing the electronic band structures of crystal lattices is presented. The LGF dened in this paper is related to the GF of the TBH. Many eorts have been paid on studying the LGF of cubic lattices [1025] .
The LGF for the bcc lattice has been expressed as a sum of simple integrals of the complete elliptic integral of the rst kind [10] , Morita and Horiguci [11] presented formulae which are convenient for the evaluation of the LGF for the face centered cubic (fcc), bcc and rectangular lattices. These formulae involve the complete elliptic integral of the rst kind with complex modulus. Morita [12] derived a recurrence relation, which gives the values of the LGF along the diagonal direction from a couple of the elliptic integrals of the rst and second kind for the square lattice with discussions of how to apply the result to the bcc lattice. Finally, Glasser and Boersma [23] expressed the values of the LGF of the bcc lattice rationally. One can nd more works in these works and references within therein.
The calculation of the equivalent resistance in innite networks is a basic problem in the electric circuit theory. It is of extreme interest for physicists and electrical engineers. * corresponding author; e-mail: jasad@ptuk.edu.ps There are mainly three approaches to solve such a problem.
The rst approach is a superposition of current distribution which has been used to calculate the eective resistance between adjacent sites on innite networks [2628] .
The second one employs mapping between random walk and resistor-network problems as was carried out by Jeng [29] . In his method he calculated the eective resistance between any two sites in an innite two--dimensional square lattice of unit resistors.
The third educational important method based on the LGF of the lattices has been used in calculating the equivalent resistance [3038] . This method has been applied to both perfect and perturbed square, simple cubic (sc) networks and recently to the fcc network.
The present work is organized as follows: In Sect. 2, we briey introduce the basic formulae of interest for the LGF of the bcc network. In Sect. 3, an application to the LGF of the bcc network is applied to express the equivalent resistance between the origin and the lattice site (n 1 , n 2 , n 3 ) in the innite bcc network rationally in terms of some constants, and the asymptotic behavior for the resistance is also investigated as the separation between the two sites goes to innity. Finally, we close this paper (Sect. 4) with a discussion of the results obtained.
Basic denitions and preliminaries
The LGF for the bcc lattice appears in many areas of physics (e.g., Ising model [1, 39, 40] Heisenberg model [2, 41, 42] , and spherical models [4345] ) and it is dened as [13, 23] :
where E ≥ 1, n 1 , n 2 and n 3 are either all even or all odd integers.
(60)
The LGF for the bcc lattice at the site (0, 0, 0) which represents the origin of the lattice for E = 1 (i.e., B(1; 0, 0, 0) = b 0 ) was of so interests in physics and it was carried out rst by Van Peijpe [46] and later on by Watson [47] . They showed that
where K is the complete elliptic integral of the rst kind, and Γ is the gamma function.
In a recent work the LGF for the innite bcc lattice has been expressed rationally as [23] :
where, σ 1 , σ 2 and σ 3 are rational numbers.
3. Application: evaluation of the resistance R(n 1 , n 2 , n 3 ) in an innite bcc network
The aim of this section is to express the equivalent resistance between the origin (0, 0, 0) and the lattice site (n 1 , n 2 , n 3 ) in the innite bcc network which is consisting of identical resistors rationally in terms of b 0 and π.
First of all, it has been shown that for a 3D innite network consisting of identical resistors each of resistance R, the equivalent resistance between the origin and any other lattice site is [30] :
where r is the position vector of the lattices point, and for a d-dimensional lattice it has the following form:
where n 1 , n 2 , . . . , n d are integers, and a 1 , a 2 , . . . , a d are independent primitive translation vectors.
Also, the equivalent resistance between the origin and any other lattice site can be expressed in an integral form as [30] :
On the other hand, the LGF for a 3D hypercube reads as [30] :
For cubic lattices, d = 3. Then substituting d = 3 into Eqs. (6) and (7) and comparing them with Eq. (4) one gets 
where r 1 = 1 − σ 1 , r 2 = −σ 2 and r 3 = −σ 3 are rational numbers. These rational numbers, for the sites from (0, 0, 0) to (8, 8, 8) , can be gathered from ( [13] , appendix A). In Table below we present these rational numbers.
Based on the recurrence formula presented in ( [13] , Eq. (5.8)), we have calculated additional rational values for the sites from (9, 1, 1) to (10, 0, 0) and arranged them in Table below. Since the LGF is an even function (i.e., B(1; n 1 , n 2 , n 3 ) = B(1; −n 1 , −n 2 , −n 3 )) and due to the fact that the innite bcc network is pure and symmetric, then as a result R(n 1 , n 2 , n 3 ) = R(−n 1 , −n 2 , −n 3 ).
Finally, it is interesting to study the asymptotic behavior of the equivalent resistance for large separation between the origin (0, 0, 0) and any arbitrary lattice site (n 1 , n 2 , n 3 ).
The asymptotic form of B(1; 0, 0, n 3 ), as n 3 → ∞, is given by [13] :
While, for large value of |n| = n 2 1 + n 2 2 + n 2 3 it has been shown that [13] B(1; n 2 , n 2 , n 3 ) has the following asymptotic formula:
Inserting Eq. (10) and Eq. (11) into Eq. (8), one gets the following two equations:
The last asymptotic formula agrees with Eq. (12) for n 1 = 0, n 2 = 0 and for n 3 = 2n 3 . In addition, the above two asymptotic formulae can be used to check the results obtained in Table below . For example
From the above two asymptotic formulae, one can see that as n 3 → ∞, or as |n| → ∞ then the resistance goes to a nite value (i.e., goes to b 0 ).
TABLE
Values for selected rational numbers r1, r2, r3 and R(n1, n2, n3) for sites (0, 0, 0) to (10, 0, 0). 
Results and discussion
In this work we have expressed the equivalent resistance between the origin (0, 0, 0) and any arbitrary lattice site (n 1 , n 2 , n 3 ) in an innite bcc network consisting of identical resistors each of resistance R rationally in terms of the two known values b 0 and π. The rational number r 1 , r 2 , and r 3 presented in Eq. (14) were calculated using some recurrence formulae. In Figs. 1 and 2 the equivalent resistance is plotted against the lattice site. Figure 1 shows the resistance in an innite bcc lattice against the site (n 1 , n 2 , n 3 ) along the [100] direction. From this gure it is clear that the resistance is symmetric. Figure 2 shows the resistance in an innite bcc lattice against the site (n 1 , n 2 , n 3 ) along the [111] direction. From this gure it is clear that the resistance is symmetric.
The above gures indicate that as the separation between the origin and the lattice site (n 1 , n 2 , n 3 ) increases, the equivalent resistance approaches a nite value (i.e., b 0 = 1.3932039297) as explained above.
It is worth mentioning that for other cubic networks (i.e., sc and face centered cubic, fcc) the resistance approaches a nite value for large separation between the two sites [30, 33, 37] , whereas for the innite square lattice it goes to innity [30, 34] .
